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Abstract- This article presents a study of different housing blocks in the city of Madrid, in which effective 
interventions are carried out not only for energy savings within the requirements of the Technical Building Code in 
Spain also an installation saving in the short term. Various thicknesses of insulation types are analyzed, evaluating 
the resulting energy savings for each case but not without leaving aside the economic aspect of the installation; 
obtaining asymptotic values, in which the marginal cost of the investment will not be as variable. Interventions in 
lighting are analyzed and the reflection factors of the walls are also studied, showing different behaviors of energy 
expenses per square meters of housing, according to different types of luminaries and the lighting system chosen is 
presented. A study of the required ventilation levels and their impact on energy use is also made, depending on air 
quality desired levels taking into considerations different conditions of outdoor air quality. The article is a 
breakthrough in the study of alternative home energy saving and serving as a basis for performance design study in 
residential buildings. 

Keywords: Spanish Regulation; Sustainability; Energy’ efficiency; Energy’ consumption ; Economic benefits; 
Construction methods. 



I. INTRODUCTION 

This paper aims to analyse how the national regulations could focus on the ideas of “sustainability” or “energy 
efficiency” not only in new buildings but in existing ones. Ittries to give a response to the question: must energy 
saving measures be huge and equal interventions for every building or should they be small actions which can be 
designed according to the specific characteristics of each construction? 

It reflects, by analysing several housing blocks, the need of new regulations which guarantee high levels of 
sustainability. Nowadays it would suppose significant economic benefits, considering the importance of monetary 
reinforcement desirable in the construction sector. This paper provides economic saving data based on the Spanish 
building regulation. 

Usually, current regulation establish big interventions; at the contrary, this research paper shows small ones 
which contribute to high energy savings and low energy demand. This paper aims to demonstrate that current 
Spanish building regulations should be designed according to the geometric morphology, use, construction methods 
and others, following insulations and illumination factors. It has been concluded that those measures could consist of 
introducing insulation inside the air cavity of external walls, replacing internal partitions by cardboard planes, 
replacing the existing luminaries with low-consumption ones. 
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During the last decade, several actions have been taken in order to improve energy efficiency in buildings 
under construction. However, the challenge is reaching this objective in old constructions. Due to the establishment 
of the Spanish building regulation: Technical Building Code (TBC), compulsory in new buildings in Spain from 
2006, a new situation has come out in the construction sector. TBC includes several actions to carry out in order to 
reach basic requirements for security and habitability. Those requirements can be found in the 5th of November Law 
38/1999. TBC also contains measures to improve the accessibility in buildings according to the 2nd of December 
Law 51/2003 [1], 

The objective is reaching sustainability and energetic saving providing several restriction norms to be applied 
in new buildings. Nevertheless, this commitment becomes a challenge in pre-existent constructions within an energy 
efficiency context. 

[2] In Spain, since 1957, the so called MV regulations were the rules which must be followed by architects and 
engineers to design and carry out the construction of their buildings. Those rules were developed by the Architecture 
Department of the Interior Ministry, an institution founded in 1937. Forty years later, MV regulations turned into the 
NBE ones (Basic Edification Norms), because the Government decided to create a common directive related to the 
construction field, to which NTE non-compulsory regulations where added just as a complement for the others to 
guide builders to carry out the construction process. Finally, in 1999, it was published the National Building 
Regulation Law 38/1999 of the 5th of November, thus the Government was allowed to approve the Technical 
Building Code (TBC) by Royal Legislative Decree. Therefore, every requirement which must be comply by any 
building in Spain, according to security and habitability conditions, is included, since that date, in the Technical 
Building Code. 

It would be necessary to establish a series of specific codes related to actions associated to the type of building, 
use, built surface, economy, efficiency, durability and others. Those measures would guarantee energy saving and 
and/or economical one depending on the construction surface, instead of demanding a series of actions without 
considering how they would perform [3], 

It is commonly known that energy saving supposes economic benefits which are reached by reducing operating 
costs (by adopting passive solutions), reducing waste (by having major savings in construction and demolition costs) 
or by enhancing productivity and learning [4]. Another important factor for economic benefit is also the legislation, 
this aspect is shown in ‘Sustainable Construction’ by Sandy Halliday: ‘legislation is now a vital consideration as 
environmental bodies shows increased willingness to introduce and use the law to prevent poor environmental 
practice. Future-proofing is important as changes in regulatory requirements can have significant associated costs if 
they lead to major contract variations’ [5]. 

The adopted measures are significant because they have direct impact to the environment, thus they must be 
studied taking into account the most fields of knowledge as possible. In 1992, the UN Conference on Environment 
and Development (UNCED) or Rio Earth Summit brought together 170 heads of state and government. One of the 
main principles adopted by the Conference was the following: “where there are threats of serious or irreversible 
damage to the environment, lack of scientific certainty should not be used as a reason for postponing cost-effective 
measures to prevent environmental degradation’’ [6]. According to that, this paper tries to demonstrate that there are 
several measures that could be applied in order to achieve the best results in the energy saving field. 

Finally, this paper successfully met the following objectives: to propose several measures to carry out in 
buildings in order to obtain low energy demand and demonstrate their viability and also to reconsider those measures 
to replace the ones outcome by TBC, which, in most cases, are so huge and generalized. 

This paper shows several buildings with no specific insulation material (very common characteristic in 
buildings which were built in the first half of the 20th century in Spain). The energy demand is estimated and some 
improvements, in the energy saving field, are proposed. 

Therefore, better results are obtained when applying the following measures: 

Insulation in walls 
Performance of Thermal Facilities 
Performance of Lighting Facilities 

Improvements are shown comparing the results with the existing ones and with TBC regulations. 
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II. METHODS 

Experimental work has been undertaken in several existing housing blocks, located in Madrid (Spain), trying to 
look for different alternatives in order to reach significant energetic saving. Taking into account some divisions of 
the TBC, it was possible to make a comparison between the information obtained from economy and energy savings. 

It has been randomly chosen five old buildings with two common aspects: they do not have specific insulation 
materials and their total floor surfaces are not lower than 1500m2. Then it is possible to acquire the benefits and 
savings provided by the introduction of different variables that will be explained below. Horizontal structure is made 
by reinforced concrete in both slabs and hanging beams, whereas brick is used in external walls. 

Based on the different sections of the TBC, a series of proposals in pre-existent building with refurbishment 
and reform targets were made. 

The basic requirements established in the TBC with respect to limited energy demand is as follows: 
"The buildings will have an enclosure in such a way that it limits appropriately the required energy demand to 
achieve thermal comfort according to the local climate, the use of the building and the summer and winter patterns, 
as well as the characteristics of the insulation and thermal inertia, air permeability and solar radiation exposure, thus 
reducing the risk of superficial humidity and interstitial condensation that could damage their characteristics and 
trying properly thermal bridges to limit heat gains or losses and thus avoiding avoid hydrothermal problems in 
there." The energy demand function required by a building depends basically on factors more or less complicated, 
outlined in the following table: 



Table 1. Energy’ demand factors. 



Factors 


Definition 


Climatology 


Climatic zone 


Enclosure qualify 


Hydrothermal study 


Functional characteristics 


Project 


Energy system 


Project 



Therefore, the improvements in external walls, it would guarantee, throughout the time, consumption savings 
and a reduction of harmful emissions [7]. 

This paper studies the influence of the insulation capacity: the maximum thermal resistance of the external 
walls and internal partitions, as well as fagade wall openings. 

It has been studied the energy demand in the building, therefore, the alternative procedure of the simplified 
option has been applied, which is based on an indirect control by limiting the thermal parameters of the building 
envelope. For this purpose, it has been made a comparison between the values obtained during calculation and those 
values that would be obtained modifying the thermal envelope conditions. According to the results obtained, some 
improvements are shown in order to reduce both surface condensation risk (inside walls) and energy demand 
(because of air infiltration). 

The characteristic parameters studied are: 

Thermal transmittance of fagade walls (UM) 

Thermal transmittance of openings (UH) 

The TBC indicates the transmittances of constructive elements in relation to the building location. The case 
study buildings are located in Madrid, therefore the climatic area (as it is shown in TBC) is D3 and the limit values 
to be considered are the following: 

Maximum transmittance of fagade walls and walls in contact to the ground UMlim:0.66 W/nf K 
Maximum transmittance of the ground: USlim: 0.49 W/nf K 
Maximum transmittance of roofs: UClim: 0.38 W/nf K 
Maximum modified solar factor: ULlim: 0.28 
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Thermal transmittance U (W/m2K) is given by the following expression: U=1/RT 

In the last expression, RT is the total thermal resistance of the constructive element (m 2 K / W). When the 
constructive element is made by layers thermally homogeneous, it must be calculated as follow: 



Rt — Rsi + Rl + R2 + t" R n + Rse 

Where R,, R 2 , R n are the theimal resistance of each layer, and Rsi is the superficial theimal resistance of indoor 
air and Rse of the outdoor air, according to the position of the enclosure, direction of the air flow and building 
location. In the proposed case study building, it has been considered the following parameters: R se = 0.04 nT-K/W 
and Rsi = 0.13 nT-K/W, because the enclosure is vertical (or it has a slope over the horizontal plane higher than 60°). 
The thermal resistance of a layer thermally homogeneous layer is defined by the expression: R = e / A, 

In the last expression ‘e’ corresponds to the thickness of the layer (m). In case of variable thickness, it would be 
considered the average thickness. X is the thermal conductivity of the layer material obtained from the theimal 
values included in the norm UNE EN ISO 10 456:2001 [8], 

Improvements in both economic and energetic saving are obtained by introducing different insulation 
thicknesses in the building walls and internal partitions (plasterboard panel) or by using different types of double 
glaze with air gaps of 6.9 and 12 mm. 



III. RESULTS AND DISCUSSIONS 

There are three possibilities to introduce insulation in the building envelope: 

- On the outdoor surface 

- Integrated within the wall 

- On the indoor surface 

It is known that insulation must be placed on the hot or cold side of the protected space, and also in fagades. 
There are different ways to be considered about insulation placement [9], those are the following: 

- When locating on the external face, the wall would absorb inner energy. On the one hand diminishing 
energy consumption decreases. On the other hand the cost of installation is higher due to the high thermal inertia. 

- When placing insulation integrated in external walls. This would perfoim as a theimal bander between 
external and internal flows. The insulation cost could be compensated by means of the starting and during the 
peimanent functioning of the heating system. According to that, the comfort sensation is almost immediate. 

- Insulation located on the internal face of the wall generates a very low thermal inertia with immediate 
results. The cost of the start-up and the peimanent functioning of the heating system are low and the comfort 
sensation is immediate. 

In case of refurbishment and knowing the efficiency when introducing insulation, the best options could come 
when introducing insulation either integrated within the enclosure wall or on the internal face. However, each 
situation has a disadvantage related to the construction process. If introducing insulation in an integrated manner, the 
problem would be how to do it, may be by drilling or rebuilding the inner wall. The costs would be high and the 
solution would not be possible. On the one hand, in case of introducing insulation on the inner layer the only 
problem would come from the fact that the apartments would lose floor area; therefore, it would be the most 
effective one. This solution (insulation in walls) avoids heat losses in the building rooms and so, the performance of 
the installation becomes more effective. On the other hand, it exists some advantages of external wall insulation over 
internal wall insulation; for example, and as general aspects, there is a reduced risk of condensation between the 
insulation layer and the masonry wall, the building fabric remains dry and heated from the interior and there is no 
impact on internal finishes and room sizes [10]. In teims of the finishing for external wall insulation, the main render 
options usually are silicone or mineral based as both of them are vapour permeable; even though, they have some 
differences: on the one hand, mineral render has higher level of permeability and fast setting; on the other hand, 
silicone render has huge flexibility but it should not be used when the air temperature is at or below 5°C or when it is 
raining, that is why the most used technique usually is mineral render [11], 
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A. Insulated thickness 

It has been conclude that the procedure that generates more savings consists of replacing windows with others 
with air gaps of at least 6 mm, because they are the areas with the largest heat losses (thermal bridges). It should be 
taken into account that whenever insulation is added to an existing building there is a danger of creating thermal 
bridges at critical points where the coverage may be interrupted [12]. 

In old buildings where windows have not been replaced; the openings are the places with more energy losses in 
the external walls. The replacement of supporting walls of internal partitions is more complicated, and then, savings 
become lower. 

Economic saving (€) 

(mean values) 
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Figure 1. Economic saving in 5, 10, 25 and 50 years by replacing internal brick by plasterboard panels 

It has been studied different cases with an insulated thickness of 0.01m, 0.020m, 0.030m, 0.040m, 
0.050m0.060m, 0.070m, 0.080m, 0.090m and 0.1m. 
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Figure 2. Economic saving in 5, 10, 25 and 50 years by filling the external wall cavity > with insulation 
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It has been studied different cases with an insulated thickness of 0.01m, 0.020m, 0.030m, 0.040m, 
0.050m0.060m, 0.070m, 0.080m, 0.090m and 0.1m. 

The main objective of this section is to achieve an improvement in the thermal behaviour of the building 
envelope, so getting a maximum thennal resistance in the case study building envelope, both in walls and windows. 

In developed countries, Heating, Ventilating and Air Conditioning (HVAC) consumes 40% of the energy 
expenditure. To minimize this cost, a sustainable architecture is being established, which brings new technologies 
able to control the energy of a building. Using active and passive systems it is reached several improvements in the 
behaviour of the building without increasing the constiuction cost. 

As it has been shown, one of the easiest ways of saving energy is by increasing the insulation thickness in 
external or internal walls (figure 3). The higher the thickness is, the lower the transmittance. 



Internal partition 


Freestanding lattice 


LP Laminated Plaster Board 
SP 10mm 

MS 0.6mm thick Metallic Sheet 

IT Insulation: Mineral wool with air flow resistivity r£5kPa.s/m 2 
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Figure 3. Example of internal partition insulation 
Energy saving is calculated by the following expressions: 

AQ (%) = (Q — Q 0 ) • 100 

Qo (W) = U 0 ( jy • S(m 2 ) ■ AT; Q(W) = U • S(m 2 ) • AT 

« = [*(£)■ 

W f % ) = (SS:) ■ 100 

Where, 

AQ is heat loss 

U is the thermal transmittance 
AT is the indoor-outdoor thermal gap 
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